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October 22,1999 

Janet Woodcock, MD ‘\ 
Director, Center for Drug Evaluation \ 

and Research 
Food and Drug Administration 
Rockville, MD 20857 

Re: Docket No. 98P-0145 

Dear Dr. Woodcock: 
. 

This is in response to your letter of today’s date, addressed to Dr. Chen, 
responding to the referenced Citizen’s Petition we filed on February 26, 1998 and 
the supplement thereof filed September 9, 1998. While we have not had the 
opportunity to fully consider the comments in your letter, the following was 
immediately evident: 

l The Andnr ANDA data referred to in page 8 of your letter was for our Oilacor 
XR@ submission (ANDA 74-852), and not our ANDA for a bioequivalent 
version of Cardizem@ CD (ANDA 74-752). 

l Your letter appears to place the burden of establishing medical significance 
on persons other than the ANDA applicant, which is contrary to your 
regulation, and may be impossible to obtain due to the unavailability of the 
ANDA product for testing purposes. As a result, our July 15, 1998 letter to 
your office (referencing the Citizen Petition) stated that Andrx would provide a 
supply of our Cardizem CD product and even, underwrite the cost to perform 
the tests requested by your response. Andrx remains willing to undertake this 
commitment. 

. Your letter on page 10 and 11 invites Andre or others to submit additional 
data that establishes the medical significance of the matters discussed in our 
Citizen Petition. &&t& Andrx has alreadv orovided this test data. me is no . 
wn of that data in vour lettec. $$&i?ically, oui September 15, 1999 letter 
(referencing the Citizen Petition), a copy of which is attached, referred to a 
study performed by or for Forest Laboratories - Biovail’s licensee for its 
Tiazac%@ product - establishing that significance. Moreover, we today 
received a copy of the October 1999 edition of the American Journal of 
Hypertension that elaborates upon that test data and again concludes that the 
study demonstrates a ‘close dependqcv of the hemodvnamic effects of 
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djltiazem on its olasma concentration” and ‘identifies ohatmacokinetic and 
clinical disoarities produced bv di@+rent formulations of this hvoertensive 
aaerlr_tr (copy attached). Lastly, the October 1, 1999 letter from Robert W. 
Piepho, Ph.D., of the University of Missouri - Kansas City School of 
Pharmacy that refers to yet additional test data on this subject (copy .. 

attached). With the exception of the article, the data requested by your letter * ’ 

was already submitted. Yet, there was no reference or apparent 
consideration given to this data by FDA’. 

As we believe there were a significant amount of material errors or omissions 
involved with the formulation of your response, we request FDA’s immediate 
attention to and reconsideration of this matter. 

1 We also note the apparent ethical and possibly legal problems arising out of the fact that 
Andre was required to provide test data which Biovail must have known about, yet failed to -. 
disclose to FDA concerning this matter. 



I’HAKMACEU-flCALS. INC. 

September 15, 1999 

Dr. Janet Woodcock, Director 
Center for Drug Evaluation and Research 
Food and Drug Administration 
Document Management Branch (HFA-305) 
12420 Parklawn Drive, Room 1-23 
Rockville, Maryland 20857 

. 

RE: Citizen Petition Docket Number 98-0145 

Dear Dr. Woodcock: 

FDA is still reviewing and analyzing the issues raised by the referenced Citizen Petition 
that Andrx Pharmaceuticals, Inc. (“Andrx”) filed on February 26, 1998 (the “Pe&ion”). The 
Petition reflects Andrx’ position that, where a reference listed drug manifests a distinct and 
conrrolled two-peak pharmacokinetic profile and there is a correlation between that profile and 
the observed pharmacodynamic effect, a porentia1 ANDA producr should manifest a similar 
PK/PD correlation. If the ANDA product fails to match that pharmacokinetic profile, it is the 
ANDA sponsor’s responsibility to provide data tiat establishes that (i) the failure to macch the 
two-peak profile is intentional, (ii) such match is not essential co safe and efi?ecrive use of the 
drug, and (iii) such a match is medically insignificant to generic substitution for the reference 
drug product. & 54 Fed. Reg. at 28882 (1989). 

To further clarify somq of the issues involved, attached hereto as Exhibit A is a summary 
of a scientific study that clearly rerutes certain comments filed in response to the Petition (the 
“Study”). The results of this Study, while only recently discovered by Andm, were presented at . 
the American Society of Hypertension, Twelfth Scientific Meeting Exposition, May 27-3 I, 1997, 
in San Francisco, California and, as evidenced by the press release attached hereto as Exhibir B, 
was used by Forest Laboratories, Inc. (“Forest”) in the marketing of Tiazac@, an extended rclcase 
diltiazem product manufacrurcd by Biovail Corporation Inccrnational (“Biovail”). 

The stated objective of the Study was “to deurmine [whether the] pharmacokinetic 
differences [between Tiazac* and Cardizcm@ CD, two exrended release diltiazem drugsj r&Ited 
in appreciable pharmacodynamic differences. ” The Study concludes as follows: 
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‘These data demonstrate chat administering the same dose of diltiazem with 
different release systems and pharmacokinetic profiles results in 
corresponding clinically important pharmacodpnamic differences. The Tiazac 
release system produced greater and more consistent blood pressure reduction over 
the 24-hour monitoring period than occurred with Cardizern@ CD.” (emphasis 
added). 

The Srudy clearly supports Andrx’ argument - and the Petition - &as (1) a specific 
discernable PK/PD correlation exists for Cardizem@ CD, and (2) this correlation is “clinically 
important” I. The Study also contradicts the arguments of Biovail and others who opposed the 
Petition that the pharmacodynamic effect observed for Cardizem@ CD is meaningless or not 
clinically significant. 

Tiazac@, Cardizem@ CD, Diiacor@ XR and various other products FDA has-previously 
approved as bioequivilenr versions of Cardizem@ CD and Mac& XR, are all extended 
release dihiazem products that are presently (or soon will be) marketed in the US*. Foresr 
chose to promote the significance of the Study and its conclusions as part of its effort to 
position Tiazac*, which ir licensed from Biovail, vis-a-vis Cardizem@ CD in that marketplace. 
In contrast, Biovail submitted positions in opposition to the Petition without ever referring co 
the Study. Since the Study provides compelling clinical evidence refuting Biovail’s positions in 
opposition to the Petition, we view Biovail’s opposition papers as highly suspec?. 

‘W . 

CONCT US - TON: 

For all of the reasons previously set forth in the Petition and in Andrx’ responses dared 
September 9, 1998 (Docket C-7), September 16, 1998 (Docket C-7A) and July 15, 1999 (Docker 
C-14), Andrx requests that FDA clarify tie bioequivalence guidance and witiold approval of any 
pending and future ANDAs, unless rhe ANDA sponsor makes the necessary substantiating 
demonstrations. 

. 1 - Andre has not received a copy of the complcre Study, and lherefore can not express any chou_ehts on its 
addition31 conclusion rhar “the Tiazac release system produced grcatct dhd more consisrenr blood pressure reduction 
aver the 24-1~0~ monitoring period than occurred wirh Czrdizem@ CD.” 

2 On January 26, 1998, rhe FDA Director. Division of Cardio-Renal Drug Products, issued a memorandum 
referring to rlre clinicai data chat cstablishcd some of these and ocher dilriazem products to bc safe and cfficxious 
(lhc criteria for an NDA approval), but states that this data is not suffkienr to allow them co bc approved as 
bioequivsient to Cardizem @ CD. Exhibit C. 

3 Instead, &ovail has essentially argued that it is the respbnsibiliry of Andrx, and not the ANDA sponsor, lo 

w 
provide additional data thzt suppons, the positions SIX forth in rhe Peririon. 
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In the case of Cardizern@ CD, for all of the medical reasons set forth in the letters from 
Drs. White, Pin, Jusko and Solomon (Dockets C-l, C-2, C-9 and C-11) &xlrx requests that FDA 
withhold approval of any pending and iumrc ANDAs that do not demonstrate matching two-peak 
pharmacokinecic profiles unless the’ANDA applicant demonstrates, through clinical data, that there 
are no significant medical differences between its product and the reference drug. 

idenr & General Counsel 
Andrx Pharmaceuticals, Inc. . 
4001 S.W. 47th Avenue 
Fort Lauderdale, FL 33314 
(954) 584-0300 

. 

cc: 
.> 

Douglas L. Sporn, 
Director, Office of Generic Drugs 

Roger Williams, M.D. 
Deputy Center Director, Office of Pharmaceutical Science 

I’. 
. . . - L 
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Comparison of the Phartiacodynamic 
profiles of Two IDifferent Long-Acting 
Dittiaaem Detivery Systems *’ . 
David H.G. Smith, M.D. and Joel M. Neutel, M.D. 

Orange County Heart institute and Research Center, Orange, CA and 
Clinical Investigation.Anafysis, Orange, CA 

Presented at the American Society of Hypertension, Twelfth Scientific Meeting Exposition, 
May 27-31, 1997, San Francisco, CA. 

. 

INTRODUCTION 

To attain effective blood pressure control with once-daily dosing, inherently short-acting drugs such as the calcium 

channel blockers rely on a variety of extended release drug delivery systems. In tho case of dilfiazem, Tiazac. uses a 

u 
single microbead diltiazem population while Cardkern’ CO uses two microbead diltiazem populations to attain 24-hour 

blood pressure control. The pharmacokinetic profiles resulting from these two delivery systems have previously been 
shown to be different (see be!ow) mainly through the lo-16th hour post-dosing period with maximum differences 
occurring a1 the midpoint of the 24-hour dosing cycle. 

OBJECTIVE 

lb* determine if these pharmacokinetic differences resulted in appreciable pharmacodynamic differences. we conducted 
a double-blind, randomized, crossover study comparing the ambulatory blood pressure profiles in- mild-to-moderate 
hypertensive patients receiving Tiazac 240 mg and Cerdizem CD 240 mg . 

w 

Pharmacokinctic Profiles of Tiatac and Car&em CD 
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treatment sequence was Titzac !c..c,+-, :..: 

(see be!ow). Dosing to@k place a! S..X :. : . . 

and 211 patients weft sutxectad :3 a!?‘;. 7.11’ ., 

pressure monrtonng at the end at the 3:x?‘,: 

and at the end ci each of the ‘@‘Jf-&e2i !reef----- 

-_ m.,: :,.... i. 
- 

,.a!:xy blood pressure significantly. 

s?armacokinetic profiles are different, Tiazac resulted in s!z!‘s: c- 

-2 972n Cardizem CO. Similarly, Tiaz2.c fesuKed in greater redtic! 0 ,; 

- 7 .:?riod (i.e., 12-l 3 hours after dosing) when phar~~co4i*et? r” _ - 

.‘..:ar.t greater reductions in both systolic ar\d diagoi’c bk~~ z’.z : : 
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24-hour ambulatory blood pressure monitoring profiles for both systolic and diastolic blood pressure while taking Tiaac 

and Cardizem CD are illustrated below. For mOSt Of the 24-hour dosing inlerval, blood pressure levels were lower with the 

Tiazac preparation. 

24+lour Systclic ASIM Profiler for Tiaz.;rc and Cardixrm CO 2&Hour Oiartalic ABPM Profile5 for I’iazaC and Car&em CO 
II 

t 

nauc cost oa%c I liours rest oosc 
4 Grselinr 0 Cardizcm CD rTiaa4 * Essellne 0 Cardizem CD )I Tiarac 

. 
4 
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Blood Pressure and Heart Kate for Various Corn&&s of ihe 24.Hour Moiitoring P&dd aie’Tabirlated Below 

V’ Sy~th Blood Pressure Bocclinc 

IO-16th hours post dose 152.703 tlS.22>6 
M;dpoin\ or dosing period lsa.278 - 17.0050 
Last a hours of dosing period iatrO::tS 1221 
Oaytima mcdnr 157.834 : 10.7116 

N.ghttmc: mean, 1AB.OAl = 14.201A 

Diastolic alood Pressure 805eline 

1 O-l 6th hour5 post dew 94.5039 -10.4287 
Midpolnr Of dosing period 9s.5000 ill.3378 
Last A hours of dosirg period 93.7941 : 10.2667 

Oaytime mean* lQO.SOO t 7.376S2 
Nighttime mcwv 92.1323 = 9.2lSlC 

TlSraC 

143.945 I 13.6193 
143.624: 16.4525 
IA1.1761 r2.2a91 
149 97s r 11.6571 

141.250 t 13.3023 

Tioxar 

67.2A93 ~6.1624 
66.53as f9.7465 
a9.fa24i:1.5250 

93.!i740 f8.58860 
86.4095 f 8.53639 

Cardircm CO Tirr~c “5 Cwdirem CO p Value 

ie7.seaz12.Acm . 

1~903e~131027 . 

ia1.6OS t 1&7116 NS 
151 265 -. lO.ISb! us 
:42.613 L 12.6740 NS 

Cwdizrm CD T4:ac vl C3rUiccw3 CD * V*luc 

6S.6183 x9.2471 m. 

91.068A: 9.9763 WV. 

as.0889 f 9.8657 NJ 
95.7090 f a.43965 NS 
a7.2512 2: a.47764 NS 

Iarellne 

80.6020: 13 3360 
AlJ927. 13JlYii 
717992: :lOGSn 

822283~133905 
x.4809 L I 1 .saol 

TiOlC 

76.2746: 1A 1155 
rg.JAcA . lJl.63S1 
7O.AGO: 1' IO.3226 
81 101: ! 14.0522 

i3.7909 I 11 .G869 
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R$SU’LTS 

“-e treatment sequence changing from Tiaac to CardiTem CD resulted in a 2.6 mm Hg increase in systolic blood 

‘.-Ssure and a 2.1 mm Hg increase in diastolic blood pressure. Changing from Cardizem CD to Tiazac resulted in an 
additional decrease of 1.5 mm Hg in systolic blood pressure and a 2.6 mm Hg decrease in diasrolic blood pressure. 

aw. 4 

Effect of Treatment Sequences on Blood Pressure During The lo-16th Hour Post-Dose Period 
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The pharmacodynamic differences In this srudy were not associated with any episodes af l-.ypotension. differences in 

adverse effects, or heart rate profiles. 

CONCLUSIONS 

These data demonstrate that adminisreririg the same dose of diiria&rn with ditfercnt rOle4Se SySems and pharmacoktnstic 

profiles resu!Ei in corresponding clinically important pharmacodynamic oifferences The Tiazac release system produced 
grezrlr 2nd rnorc! consisrenl bloari pressure rrduclton over Ihc! ?I. hour n!orr+xq ncnod than 0ccu:red wltli CarWem Ct? 
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FOREST LABORATORIES BACKGROUNDER 

Forest Pharmaceuticals, a subsidiary of Forest Laboratories, Inc., is an international health care 
company that develops, manufactures and distributes both branded and generic forms of prescription 
drug products as well as nonprescription pharmaceuticals sold over-the-counter to treat a wide range 
of illnesses. 

Forest, publicly traded on the American Stock Exch+nge @SE: FRX), markits product; principally 
in the Unired States, in western and eastern Europe, and in Puerto Rico and other Caribbean islands. 

Forest markets a broad range of human prescription phamaceutical produce, including AerobidQ, 
Lorcet@ 1 O/650, LorcctQ Plus, FliumadineQ &evothroid@, Tess;alon@, Esglc-plus, AeroChambcr@, 
Cervidil and Tiazac among others. 

NQVEL EXTENDED-RELEASE DILTIAZEM CONTROLS BLOOD PRESSURE OVER 24 
HOURS WITH AN EXCELLENT SAFETY PROFILE 

Widesr Range of Single-Capsule, Extended-Release Dosing Options Available 

SEW YORK -- February 9, 1996 -- A novel formulation of diltiazern hydrochloride (TIAZAC)’ for 
hypertension is now available from Forest LaboraLories, Inc. The new. once-daily calcium channel 
blocker effectively reduces blood pressure of hypertensive patients over the 24-hour dosing interval 
with a side-effect profile comparable to placebo. even when dosed up to 360 mg. 

Blood pressure normally varies throughout the day and night and is influenced by the patient’s own 
circadian rhythm and external stimuli. In hypertensive patients, blood pressure needs 240hour control 
to achieve blood press- levels that approach treatn&t goals2. 

Throueh its unique exLendcd-rcleasc, osmotic-driven diffusion system of concenLratcd diltiatem 
bcadsc)l”lA3.AC? deli\,ers smooch 24-hour plasma levels. which are highly correlated with blood 
pressure measuremems. When properly dosed, TIAZAC provides smooth and predictable %-hour 
blood pressure control. A greater blood pressure reduction is achieved with ‘f IAZAC when blood 
pressure is ar its highest, yet TIAZAC achieves blood pressure reduction without causing hypolension 
during periods of lo\\*zr blood pressure. 

“TlAZAC provided a dose-related diaslolic and systolic blood pressure reduction at each dosage 
level,” added Gosse $iuinsma, MD, Medical Director at Foren Laboratories. “11~~ a dose-escalation 
trial, seven out of ten patients responded to TIAZAC monotherapy when dosed up to 540 mg:” 

‘4 In clinical studies, doses of TIAZAC up to 360 mg exhibited a side-effect profile similar 10 rhar of the 
lower doses. and similar to placebo. Moreover. TIAZAC call be safely dosed up TO 540 mg. 111 

__._ 
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Advertisement - TIAZAC Press Release Page 2 of 3 
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clinical trials, absorprion of TIAZAC was nor affected by food intake: TIAZAC can be taken with or 
without food, even high-fat meals. 

~“The drug delivers a consistent level of diltiazcm well within the rherapeulic plasma range, as 
evidenced by 1112 effective 24-hour blood pressure contro1 that dil’riazem achieves,” added Joel 
Neurel. MD, AssisranL Professor of Medicine and Head of the Hypertension Research Center at the 
University of California ai Irvine. 

TIAZAC, a highly concentrated formulation oidiltiar,em, enables more drug to be contained inside a 
smaller capsule. This unique formulation allows for both smaller capsules for a given dosage, relative 
to the same dose of other once-daily diltiazem products, and for five dosage strengths: 120,180,240, 
300 and 360 mg. This means that TIAZAC offers physicians the widest range of available single- 
capsule dosages among once-daily diltiazems, allowing for maximum dosing flexibility with once- 
daily therapy. 

TUZAC offers a significant savings in monthly treatment costs when compared to other leading 
calcium channel blockers.. At the most-prescribed, extended-release diltiazem dose level (180 mg), 
TIAZAC costs $27.84 for one month’s thetap? compared with Cardizem@ CD at $37.00 and Dilator 
XR@ al $32.72. 

. . . 

In clinical trials, TIAZAC showed no cIkically significant changes in ECG readings, no increases in 
2nd- or 3rd-degree AV heart block and no more than a slight decrease in heart rate. TIAZAC was 
well rolerated in clinical trials. No reflex tachycardia is associated with chronic use. The most 
commonly reported side effects were headache, peripheral edema, pain, dizziness and asthenia. First- 
degree AV-block has been reported infrequently (less than 1%) in clinical trials with otha diltiazem 
products. 

‘d 

‘. 

In a major comparative tial of single-drug therapy for hypertension, diltiazem showed blood pressure 
colitrol greater than or comparable to that of six other antihypertensives from different drug classes. 
African-American patients in the study responded especially well to diltiazem therapy, while 
Caucasians responded well to all drug cIasses (except for a lower efficacy shown with 
hydrochlorothiazide in younger whites). 

TIAZAC. as with all diltiazem formulations, should no1 be used in patients with sev&e hypotension 
(less than 90 mm Hg systoiic), patients with acute myocardial infarction and pulmonary congestion 
documcnred by X-ray on admission, patients with sick sinus syndrome or 2nd~/3rd-degree AV block 
(unless used with a functioning ventricular pacemaker) and patients who have demonstrated 
hypersensitivity to the drug. This drug should be used with caution in patients with impaired kidney, 
liver or heart funcrion. 

Forest Pharmaceuricak a subsidiary of Forest Laboratories, Inc., is an international health care 
company that develops, manufactures and distributes both branded an‘d generic forms of prescription 
drug products as well as nonprescription pharmaceuticals sold over-rhe-counter to treat a wide range 
ol’ illnesses. Forest is publicly traded on the &nerican Stock Eschange (ASE: FM). 

1. Full prescribing information enclosed. 
2. The Fifth Report of the Joint National Conlmittee on Detection. EvaluaGon. and Trcaln-tent of _.. -. .- 

Eli& Blood Pressure. Relhesda. Md: National Hean. Lung, znd Blood Institute: 1994. US 
Departrnenr of Health and Human Services publication NIH 93-l 088. 

3. Monthly costs determined from January 1996 Drug Topics@ Red Book@ average wholesale 
prices (AWP) of TIAZAC, Cardizem@ CD and Dllacor XR@l in 90-count bottles. 
AWP does not necessarily reflect actual prices paid by consumers or pharmacies. 
Price comparisons are noI intended to imply similar levels of effectiveness. 
TIAZAC, Cardjzem@ CD and Dilator XK@ arc BC rated. Bioequivalence between these 
products has not been dcmonstra1ed. 
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When switching brands of drugs, additional costs may be incurred for office visits or 
monitoring. 
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Memorandum 

TmfE : January26.1!398 
. . 

. FROM : Director, Division of CardbRed Drug Products, HIDUO. 
. 

SUBJECT: NDA 20&1/soO7, Controlled’Rdease’Dikiazem, Tiaxac, Bio&l 

. TO ; NDA File 
. 

. . . jrrtroductton * . 
* 

Diltiarem is weli &wn to be antihypertsnS~ and antkqgbal’lq man’(hem by well known I &an &rough 
dozens of publkations In repueabie, p@%~ medii JoumaJ~ 8s well as through having four other 
NDAs approved for the usa of ,dittIazgm as an antkhgtnal, or &s an &nkihypeWWe, or foi both Indiitions, 
or for the tieatmdnt of suprawntrlouiar antythmk, each qxwal supported by dWal trials). The ’ . 
approved ND& are: 

. 1) I$IA lB-@& Immediate Rekse DUtlazim, Cardkent, approvei or& for angIna, M&n * 
* Menyell DOV$ taken ora& threqtime&-a~y, writ ez$red, 

cd 
2) l!lQ,4 lQd7L Chf’&dIed F%&uN Dim, CardLram SR, appmkci only for hypertension, 
Marion MerW Dow, t&n Orally twkwwiay; patwt expIrf3a Jan. 26,2OtX, 
3) E1[2a?d637, Intrave~S DlMazem, Cardkam.In)sctlon. appmved ong for par0xysma.l 
supiavqntrkuIartachycardla and parowyamal’atf@ fluttsrmbWW Marbn Mern3U Dow, 
Intravenous, 
4) MDA bM%d R-8 DWzem, Cardhtm CD, appbved for, an&a and 
hypertensfon, Marlon M~tmti Dow, taken orally ixw+day, palent explres&n. 16,2W? &.Mar. 
2% 2008, 
5) m 20s Contmlbd Relh Dlkem, Dllacor XR, approved only for hypertension, 
Rhone-Pouknc Ronr Phtmnam, Inc. t&m (My oncaa-day, patent axplma JEW 14. 
2006. 
6) NDA Conbkd ti8k3+Q D&zem,. Tiazw, approved for hyperkuion, h&esx ’ 
ordly; orice-a-day. Biubil Cmp~~tion’ t\tenutianaL Patent hblder Galepha~ P.&,-Inc. 
Lk&, e$~ires June 25,2013. fzszsc was qhxd approved In the United IUngdom In February, 1996 
hider the trade name Vlazem Se. 

Bolded narnee are Tide Hame8’for iha fomrtiations of dlltkem. 

NOAs 1 though Swere full ND& [#So In & Mey wara supported by cfrronlc anlnul toxkxkgy and 
tihal rbpfcxductlon fJtud&s, as till as ~rlng&~,hi~tothedlnicaltrlabttratwn3 
requisitefo[appnn~I. The4~Merren~NDqawere~edbytheorlgtnalanlmalto~4 

.replPductIondatathatwem s&mItted with+lDA l6-602 TheRho~PoulancRorerNDAwassupported 
bv ch<o@zqanlmal toxlcoiogy 6r mprodk%loo 6tucMa crxducted by’.“. 

. . : + (In support of an hunedlate’~lease form&&on whfch ’ . nweigot to market), by right 
to reference. . . 

I. 
4 ’ _ 

I 
. 
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kbechst-Rousse[ dev&qSd PnothW~trotkd rdatse krinuk~ of dllttazem (the product Sut3med as 
N DA 20401, Ti.fuw) that was lntmded to carhI bm-pmssure su@bly when taken once-a&y. NDA 
2041 (the l-k2ecM~ou66el PT NDA) end aMaJned t!w results of @U&S that cfearfy 
demonstrate Wat l’kx+o l8 m with lmrnedfate reIe+se dlltlazem, CardIxsm CD 
nor Dllacor? XFI (c~nseqws~tfy, althoqfi not part of the enyMcal data, Tlruc wouklalso not be . 
bloequlvalent to Cardbcsm 8R and C%rdkn Injpctfon). Therefore Tlazac could not be approved 
85 qn ANDA (e.Q., sosg)). 6kEe b WBB kKmn tit Lt b Mdnegutvalent t0 Bny of the apprwed fomuIat&~ 
of dlltiazem. 

NDA20-461wasapprovedInSeptemberl985asa505@)(2)NDAon~basIsdcl~trlaisthat 
Invoked 281 patMts or norma! VolWneeF (X33 vokmtwra to chafacterke the blopharmacetil 
propertl~s of thelr IormuMon [8 MudIes] and 148 patients with hypertension that Men randomked to one 

of two placebo ‘controlled, doswariglng trials). In December 1905, Blovall obtaln~ a dght of reference 
. 

‘for me phamtaccllogy/toj&#bgy data from Hoechst Marlon Roossel, 60 NDA 2041 was converted to a ’ 
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Comparisons of the Effects of Different 
Lon&Acting Delivery Systems on the 
Pharmacokinetics and Pharmacodynamics of 
Diltiazem 
Dali H.G. Smitli, Joe2 M. Neutd, and Michael A. Weber 

. 

The benzothiazepine calcium channel antagonist 
diltiazem is a short-acting drug. To achieve 
effective 24-h blood pressure control with once- 
daily dosing, it relies on various extended drug- 
delivery systems that have grown in importance as 
a result of the recent nzports relating the use of short- 
ding cakium channeI antagonists to inaeased 
cardiovascular morbidity. This study examines the 
pharxnacokinetics and resulting phannacodynamiu 
of two different d&veIy systems, each loaded with 
240 mg of diltiazem and administered to 40 
moderately hy-pertensive patients in a randomized, 
double-blind aossover hial. &fter ! ewe&, singk 
blind placebo lead-in, patients with a &nical 
diastolic blood pressure of ~~100 mm Hg were 
randomized to either the single or dual miaobead 
diltiazem delivery system for a Pweek period. At the 
end of this period, each subject was evaluated with 
24h ambulatory blood pressure monitoring and 
subjected to 24h inpatient phaxmacokinetic analysis 
on separate days. This was followed by a similar 4 
week period in which each subject was treated with 
the alternative delivery system. 

For diltiazem, the area under the cmve for 
plasma concentration versus time and the 

-urn plasma concentration attained by the 
single microbead system exceeded the values 
achieved by the dual bead system by 15% and 
25%, respectively. These differences were greatest 
from the 3rd through the 13th h after dosing. 
During this petiod, both systolic and diastolic 
ambulatory blood pressure was sie;ni&antly lower 
when the single microbead system wa9 used, 
When compared with baseline blood pressure, 
blood pressure reductions achieved with the single 
microbead system exceeded reductions achieved 
with the dual microbead system by at least 2 mm 
Hg for 10 of the 24 postdose hours. Heart rates 
were slightIy reduced but not significantly 
different. This improved blood pressure control at 
higher plasma levels of diltiazem suggests that a 
more efficient delivery system could provide better 
blood pressure control for identical doses of 
diltiazem, Am J Hypertens 1999;12z1030-1037 
0 1999 American Journal of Hypertension, Ltd. 

KM WORDS: diltiazem, delivery systems, 
pharmacokinetics, hypertension, ambulatory BP 
monitoring 
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ikiazem hydrochlorothiazide is a benzo- 
thiazepine calcium channel antagonist 
with proved antianginal and antihyper- 
tens&e efficacy.‘z Like most calcium 

channel antagonists, it is a short-acting compound and 
relies on a variety of slow-release delivery systems to 
increase its duration of action and thereby decrease 
the dosing frequency? This role for delivery systems 
has become increasingly important in view of recent 
reports linking the use of short-acting calcium channel 
antagonists to increased cardiovascular morbidity and 
mortality. a-6 Furthermore, the tendency of adverse 
cardiovascular events to cluster in the early morning 
hours in association with the circadian blood pressure 
surge underscores the need for effective’slow-release 
drug delivery systems that maintain their antihyper- 
tensive effects throughout the dosing interval.’ 

Three separate once-daily formulations of diltiazem 
are approved for use by the US Food and Drug Ad- 
ministration (FDA) in the treatment of hypertension in 
the US! In chronological order of approval they are 
the following. Cardizem CD (Hoechst Marion Roussel, 
Inc., Kansas City, MO), Dilator XR (Watson Laborato- 
ries Inc., Corona, CA), and Tiazac (Forest Pharmaceu- 
ticals, Inc., St. Louis, MO). Cardizem CD uses a dual 
population of microbeads (dual microbead system) 

. enclosed within a single capsule.g#f0 The two popula- 
tions of microbeads differ only in the thickness of a 
copolymer that surrounds them and controls the re; 
lease of diltiazem. Those with a thin coating release 
40% of the total diltiazem in the first 12 h, whereas 
those with the thiclc coating release the remaining 
diltiazern during the Second 12 h. llxas, there are two 
phases to the release of diltiazesn. In contrast, liazac 
uses a single population of microbeads (single mi- 
crobead system) with a uniform copolymer coat- 
ing. “**.This aJlows for the release of dihiazem in one 
phase over a 24h period. Dilator XR uses a series of 
Geomatrix tablets, each containing 60 mg of dikiazem 
enclosed within a single capsule.u Release of dilti- 
azem is controlled by different hydration rates for the 
faster-hydrating inner core that is surrounded by a 
slower-hydrating outer core. A recent trial comparing 
the pharmacokinetics of these three delivery systems 
in normal individuals has demonstrated that the sin- 
gle microbead system provides 24% more diltiazem 
than the dual microbead system and 29% more dilti- 
azem than the geomatrix system when these systems 
are loaded with identical doses of diltiazem.‘l 

Despite the crucial role of delivery systems in im- 
parting many desirable features of effective once-daily 
antihypertensive agents to intrinsically short-acting 
cddum antagonists, clinical trials comparing their 
ability to deliver antihypettensive agents to hyperten- 
sive patients have rarely been reported. Furthepore, 
because studies with diltiazem show increased l$ood 

pressure reduction with increasing plasma drug con- 
centrations,‘” it is of interest to determine if the phar- 
macokinetic differences in different delivery systems 
translate into phannacodynamic differences. In this 
randomized crossover clinical triaL we compared ths 
pharrnacolcinetic and pharmacodynaxnic effects of 
240-mg doses of diltiazem delivered alternately by the 
single and dual microbead systems to 40 moderately 
hypertensive patients. We have shown that the single 
microbead system differs from the dual microbead 
system in delivering dihiazem and that this translates 
into differing effects on the 24-h ambulatory blood. 
pressure profiles. 

METHODS 

This two-site study was conducted at the clinical re- 
search facilities of the Orange County Heart Institute 
and Reseaxch Center, Orange, CA, and Memorial Re- 
search Medical Clinic, Long Beach, CA, in compliance 
with FDA guidelines for good ckical practices.‘5 The 
design was that of a placebo run-in, double-blind. 
randomized crossover trial involving 40 moderately 
hypertensive patients. This straightforward design en- 
abled patients not only to serve as their own controls 
but also to be exposed in randeed sequence to both 
diltiazexn preparations alternately. This provided suf- 
ficient statistical power to detect differences between 
the two preparations with 40 patients. 

After signing a written informed-consent form, 
completing a baseline medical history questionnaire, 
and receiving a physical examination, eligiile patients 
were weaned from their existing antihypertensive 
medication for a 4week single-blind placebo lead-in 
period. Eligibility required an age of 18 years or older 
with a diagnosis of uncomplicated moderate hyper- 
textsion. Women of childbearing potential used medi- 
cally acceptable methods of birth control and exhib- 
ited a negative pregnancy test at the start of the study. 
AU participants were devoid of uncontrolled or unsta- 
ble medical condjtions that would have affected drug 
absorption or their ability to participate in the study. 

During the last two weekly visits of the &week 
placebo lead-in period, patients with a mean seated- 
office di&olic blood pressure between 100 and 114 
mm Hg were subjected to 24-h ambulatory blood pres- 
sulc monitoring (ABPM) with a Spacelabs 90207 
ABPM device. Ambulatory blood pressure was re- 
corded at 20-min intavals between 6;OO AM and mid- 
night and at 30-w intervals between midnight md 
6:00 AM. In addition to the office blood preSsure re- 
quirements, the mean daytime (8:OO AM to 4~00 PM) 
diastolic ambulatory blood pressure had to be > 90 
mm Hg for patients to be eligible for randomization. 
Thus, both office and ambulatory blood-pressure cri- 
teria were used to establish hypertension. Throughout 
the study, medication was taken at 8:00 AM It 30 min. 
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TABLE 1. BASELINE AND TREATED OFFICE AND 24-I-i .&LIP ” 
RATE MEANS wE.~x .‘: 

__ 
B.aseline Sir&c Micrii5. 

Office 
Systolic BP (mm Hg) 153.0 2 113 153.3 f i5 : 
Diastolic BP (mm Hg) 103.6 = 4.6 0; ; 

Heart rate @pm) 74.1 2 8.0 73.9 = 
24-h AEM 

Systolic BP (mm Hg) 151.7 -i 12.2 .;-!G 5 -. ,- . . 

Diastolic eP (mm Hg) 95.3 2 E.0 S?.- 2 
Heart rate (bpm) 78.0 ” 12.1 7.5.: 7 

BP = &hod pres.sure hrm HgJ; $?tl = h?tS per ~ir!t~fC. 

‘1’ < .OI Y. bllscli?lc. 

Patients fulfilling the criteria for randomization re- 
ceived daily doses of 240 mg of diltiarem, delivered 
by either the single or the dual microbead delivery 
system for the first 4-week period. On the third to last 
day of this period, they were again subjected to am- 
bulatory blood pressure monitoring, and on the last 
day of the period they were admitted to an inpatient 
facility for steady-St.&c pharmacokinetic evaluations. 

During the 24-h pharmacokinetic evaluation period, 
patients remained in a semirecumbent Fosition and 
were fed three standard caffeine-free meals. On com- 
mencement of this period, an indwelling intravenous 
catheter and heparin lock were inserted into an ante- 
cubital vein for serial pharmacolcirtetic blood sampling 
of each patient. This occurred fist at the time of dos- 
ing (8:OO AM, or time zero) and then at hourly intervals 
for the next 16 h. The last two samples were collected 
at the 20th and 24th h after dosing for a total of 19 
blood samples per patient (0, 1 to 16,20, and 24 h). 

Blood sampling for pharmacokinetic analysis in- 
valved the collection of 10 ml. blood into a prechilled 
lo-mL Vacutainer tube containing tripotassium EDTA 
After mixing by several inversions, the sample was 
centrif~~ged at 3000 g for 5 min at 5°C. After this, 4 mi 
of plasma was removed from the sample with a pipet, 
placed in a prechilled polypropylene tube, and frozen 
immediately in a dry-ice isopropyl alcohol bath. The 
sample was immediately transported in dry ice to a 
-70°C freezer where it was stored in an upright po- 
sition for later analysis. All plasma samples were fro- 
zen within 15 min of collection. Each polypropylene 
tube was labeled with only a single code number that 
corresponded to the patient number, study visit, and 
time of blood, sampling. The samples were then 
shipped on dry ice to the Bioanalytical Laboratory at 
Forest Laboratories in Farmingdale, New York. Sam- 
ples were malyzed by high-pressure liquid chroma- 
tography. for concentrations of diltiarem, desace- 
tyldiitiazem, and desmethyldiltiazem. 

On completion of the first pharmacokinetic eyalua- 
tion period, all patients had +&eir respective +udy 
medication switched to the alternative delivery sys- 

tern and WL;LL 
&with the h;: ..’ 
to last and 1:s: 1. 
jetted to 24-Y. 2~. 
and 24-h phmnzx..... 
Coiy;etion si 
study. All subzr. 

ami?atlon, 23 7 

ment b-i-,“, 3;: : -- _ 

Ambulztol-j. !‘: ’ 
pharmacokiEec 
release deli-.-r:.- 
that &[.feren :5: 
by the si-,$~ 2:: 
est SeSveer. 2:: 
sample sizes in 
tiferences ;LrL . 
tween the ll:~~-~ . . . 
of 60% at 2 7*.: _‘- 
.05. Of further :n: : 
reductm 2~ !h: .-I. 

TABLE 2. Pl-l.~R~!.‘. 
240 ml; DILLTI:\7~ 

DCAL >lli:. _ 
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754 I,, , , . 1 I. I. 1 * 1 m I -. I.. . - I 
1 2 3 4 5 6 7 6 9 10 11 Ii 13 14 15 16 ?7 16 19 20 21 22 23 24 

hours post dose 
. 

+-dual mkrobead system beinglc microbeed *tern 

l : p < 0.01; +: p < 0.05 

I PIGIJRE 1. Mean stdy state plamrn concwttratians 6240 ntg of diltiazcm when delivered viu single and dual microbead deiivery 
systems. l P < .Ol; ‘P < 105. 

tion of the differences between the 24hourly blood 
pressure means was also made. A priori, these differ- 
ences were considered clinically meaningful when 
they exceeded 2 mm Hg. Additional ambulatory 
blood pressure monitoring endpoints included the 
24h, daytime (S:OO AM to 4:OO PM), nighttime (4:O0 PM 
to S:OO PM), and last 4h (4:OO AM to 8:OO AM) means. 
Finally, an evaluation of ambulatory blood pressure 
mean differences was made for the period when 
plasma diitiazem concentrations between the two 
treatment groups differed signifkantly in this study. 

Phannacokinetic Evaluation The principal param- 
eters describing the bioavailability of diltiazem and its 
metabolites at steady state were derived from plasma 
concentrations. This involved determination of the 
area under the curve (AUC ) for plasma concentration 
versus time, maximum plasma concentration (C&J, 
and time of maximum plasma concentration (T,,,,). 
The AUC was calculated by a numerical intei&ratian, 
using the linear trapezoidal rule. 

Adverse Events At each visit during the study the 
i occurrence of adverse events was recorded. An ad- 
: verse event was defined as any pathologic or unin 
1 tended change in anatomic, physioiogic, or metabolic 

function as indicated by changes in symptoms, phys- 
ical signs, or clinical laboratory results during any 
phase of the c!inical hid. 

Statistics All data were analyzed by the itatistical 
analysis system. Statistical procedures appropriate for 

crossover design were us&i to analyze ambulatory 
blood pressure monitoring parameters. Statistically 
significant treatment differences were set at a S -05. 
Individual hourly blood pressure differences were re- 
garded as clinically meaningful when they exceeded 2 
mm Hg. Demographic and safety variables were an- 
alyzed statistically by one-way ANOVA, $, and 
Fisher exact tests with a signiscance level set at a d 
.OS. 

RESULTS 

Demographics Forty patients (7 females) completed 
the randomized crossover phase of the study. The 
population consisted OF 23 white, 9 black, 6 hispanic, 
and 2 asian people. The average ago was 51.5 years. f 

Mean height. and weight were 1.75 m and 89.1 kg, 
respectively, resulting in a mean body surface xca of 
2.05 ml. 

Overall Blood Pressure Changes Table 1 shows the 
comparison of baseline and treatment averages for 
both the final office and 24-h ambulatory blood pres- 
sure. Dilti~cm delivered by either system reduced 
the diastolic blood pressure significantly with no 
changes in pulse rates. 

3.n contrast with the comparison of-office blood pres- 
sure means, comparison of 24il ambulatory blood pres- 
sure averages also detected significant systolic blood 
pressure reductions achieved by both delivery systems. 
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FIGURE 2. Ambulatory blood pressure profiles nt basetine and ufter dosing with 240 tug of dikiazcm delivered via sing& and dual 
microbead &live y systems. 

qharmacokinetic Profiles The pharmacokinetic pa- 
rameters for the two delivq systems are shove in 
Table 2 for plasma diltiazein and its two major metabo- 
lites, desmethyIdi&zem and desace~ldiltiazexn The 
Auc, C- and Tmsx for diltiazem were signifkmtly 
greater when delivered by the single microbead system 
The AUC and r values exceeded those attained by 
the dual microbead system by 15% and 27.5%, respec- 
tively. Desmethyldiltiazem AUC and C&,, produced by 
the sIq$e ticrobead system were also higher than those 
produced by the duaJ miuobead system by 15% and 
23.3%, respectively. No differences were noted in 
desacetyldiltiazem parameters. 

Concentration versus time curves for plasma dil- 
tiazem are dkpicted in Figure 1. From the 3rd to the 
13th h after dosing, the single microbead system 
produced significantly higher diltiarem levels 
(38.7%, on average) than the dual microbead sys- 
tcm. Conversely, at 20 and 24 h after dosing, dilti- 
azem levels achieved with the dual microbead,sys- 
tern exceeded those of the single miaobead deliky 
system by 27.5%. 

Ambulatory ‘Blood Pressure Profiles Systolic and 
diastolic 24h ambulatory blood pressure profiles are 
illustrated in Figure 2. Generally, the single microbead 
system reduced blood pressure to a greater extent 
than the dual microbead system. Pulse rates were 
similar in both groups. However, on the basis of pre- 
vious pharmacokinetic studies,= we focused on blood 
pressti differences between the 10th and 16th h after 
dosing as the primary endpoint of thii study. Com- 
p6risons of these differences together with others dur- 
ing the 24-h dosing interval are shown in Table 3. For 
the 10th through 16th h after dosing, as well as for the 
midpoint of this period. the single microbead delivery 
system produced significantly lower systolic blood 
pressure than the dual microbead system (143.9 o 
147.6 mm Hg; P C .05 for h 10 to 16; 143.6 u 149.0 mm 
Hg; P < .05 for the midpoint of this period). Similarly, 
diastolic blood pressure was also significantly lower 
at the midpoint period (86.5 u 99.1 mm hg; P C ,Ol). 
Diastolic blood pressure between the 10th and 16th h 
postdose also tended to be lower with the single mi- 
crobead system (P C .l). 
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TABLE 3. AMBULATORY BLOOD PRESSURES FOR VARIOUS TIME PERIODS OF THE D&mG mTBR?AL 

Single Microbead Dual Microbead 
Baseline Sys tern‘ System* 

Systolic BP (mm Iis) 
10th~16th h postdose 152.7 2 15.2 143 9 + 13.&t 147.6 f 124 
lath-16th h midpoint 154.3 I, 17.0 143:6 E 16.5.t 149.0 I13.1 
3rd-13th h pcstdose 156.1 z 11.6 147.6 -t 11.9) 150.6 t 10.3 
Last4l-l 147.4 2 15.1 141.2 d 12.2 141.G 2 14.7 
Daytime means 157.8 2 10.7 149.9 t 11.7 152.3 2 10.8 
Nighttime means - 148.0 2 142 141.3 t 13.3 142.8 z 12.9 

Diastolic BP (mm Hg) 
IOU\-16th h postdose 94.5 2 10.4 87.2 z!z S.l$ S9.6 t 9.2 
lOth-16th h midpoint 95.5 f 11.3 86.5 -c 9.T” 91.1 = 10.0 
3rd~13th h postdose 98.1 -c 7.9 90.9 2 8.5? 93.5 2 85 
Last4h 93.8 2 10.3 89.1 2 Il.5 88.1 z 9.9 
Daytime means 1005 f 7.4 93.6 z 8.6 95.7 -c 8.4 
Nighttime means 92.1 It 9.2 86.4 t 8.5 f 8.5 ^, , ,. ,, _. a7.3 * :., ---. 

* Blood pressure (BP) of single and dual microbmd &~&em both si&/hntiy difirentfiom basch. 

+ P I .OS, $ P s .1, u P c .01, sing& microbe& system v dual m&&cad sygfem. e 

h this study, pIasma diltiazem levels behveen the 
3rd and 13th h after dosing were ‘significantly higher 
with the single microbead system than with the dual 
system (Figure 1). During this period, both systolic 
and diastolic ambulatory blood pressure was sign&. 
cantly lower when patients received diltiazem by the 
single microbead system. Plasma diltiazern levels 
Were higher with the dual microbead system at h 20 
and 24 after dosing, but there were no signi6mt differ- 
ences inbliood pressure between the two systems during 
the last 4-h period of the dosing inten~al Qable 3). 

Pharmacokinetic and Hemodynamic Differences 
Differences in plasma diltiazem concentrations be- 
tween the single and dual microbead systems together 
with the Corresponding hourly differences between 
the blood pressure effects (compared with baseline) 
prbduced by the single and dual microbead systems 
are depicted in Figure 3. The single microbead system 
produced hourly blood pressure mean reductions 
f&m baseline that exceeded those achieved with ihe 
dual microbead system by at least 2 mm Hg for sys- 
toEc blood pressure at h 2,6,7,9-U, U-15,17,19, and 
20. A similar pattern was observed for differences 
between the diastolic blood pressure reductions from 
baseline produced by the two delivery systems. Re- 
ductions in hourly diastolic blood pressure produced 
by the single microbead system exceeded those pro- 
duced by the dual microbead system at h 4-7,9-11, 
13,15, and 17 after dosing; the reverse occurred at h 
19,20, and 24 after dosing. Thus, the single microbead 
system provides blood pressure-lowering advantages 
over the expanded part of the dosing interval when 
compared with the dual microbead delivery system: 
postdose h 4 to 17 versus postdose h 19, 20, and 24. 
However, both systems maintained antiypertenkve 
effects throughout the dosing inter&l as indicated by 

the lower blood pressure attained d&g the last 4 h 
(Table 3). - - 

Although the single microbead system produced 
higher plasma diltiazem concentrations, it did not’ 
result in an increased frequency of adverse eyents 
when coapaxed with the dual microbead system. One 
or more adverse events were reported by 14 of the 40 
patients. These included headache (most common), 
tachycardia, leg cramps, somnolence, pharyngitis, rhi- 
nitis, and urinary tract infections. These adverse 
events did not differ substantially when comparing 
the different delivq systems, and did not differ con- 
siderably from those occurring during the placebo 
lead-in period. The majority of adverse events were 
judged to be unrelated to treatment. However, four 
patients experknced.adverse evens deemed to be re- 
lated to treatment For the single micxobead system, one 
patient had a headache and one had tachycaxdi~ for the 
dualmicrobeadsystem,onehadaheada&eandone 
experienced insomnia. Aside from the ksomnia (which 
was moderate in severity) all o&r adverse even& were 
mild and no therapeutic actions were taken. None of the 
delivery systems produced an instance of hypotension 
and none were associated with a serious adverse event. 
Throughout the study, no important changes occurred 
in the results of eleckocardiographic &a&gs, chemistry 
tests, or hematology ksts. Thus, both delivery systems 
were equally well tolerated.. 

DISCUSSION 

Having compared identical aoses (240 mg) of dilti- 
azem delivered to hypertensive patients by different 
delivery systems, this study has shown that the single 
miciobead delivery system can impaxt favorible phax- 
macokinetic and pharmacodynamic properties to dil- 
tiazem. This could be an important finding in the use 
of diltiazem to heat hypertension in view of the fact 
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FIGURE 3. Dzferenc~~ behuccn plusma diltiazem concentrations flop) and b&od pressure radiutionfiom bmsha prodwad by &a 
single microbend and dual micmbcad delivery systems. SBP = systolic blood pressure (Center); DBP = diastolic blood ~T~SSUYC 

(Bottom); De& = dif2mu.s betwem delivery system delta (single bead systm-dual bend sysht). *P c .OS. v Di#kcnce between 
delivery syslcnfs cxcceds 2 mm Ug. i 

. that a more intensive approach to lowering blood 
pressure to desired levels is advocated-especially if 
concomitant cardiovascular risk factors are present.16 
These data also indicate that when dosing with iden- 
tical doses of diltiazem, the single microbead system 
produces signScantly higher concentrations of dilti- 
azem for almost half (11 of 24 h) of the once-daily 
dosing interval. This resulted in signifxantly lower 
systolic and diastolic blood pressure for this period of 
the dosing interval. Furthermore, when compared to 
the baseline bIood pressure, blood pressum reductions 
achieved with the single microbead system exceed&l 
reductions achieved with the dual microbead system 

by at least 2 mm Hg per hour for 10 of the 24 postdose 
hours. Consistent with this finding, the single mi- 
crobead delivery system produced significantly higher 
plasma diltiazem AUC and Lx levels. suggesting that 
the single microbead system confers superior bioavail- 
ability of diltiazem compared with the dual microbead 
system. NSO in this study, the treatment sequence 
changing from the single microbead system to the dual 
microbepd system resulted in a 2.6~mm Hg ha-ease in 
systolic blood pressure and a 2.1~mm Hg increase in 
diastolic blood pressure. Changing from the dual mi- 
crobcad system to the single microbead system re- 
sulted in an additional decrease of 4.5-mm Hg in 
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systolic blood pressure and a 2.6~nun Hg decrease in 
diastolic blood pressure. 

This study also ihxzates the pivotal role of ambu- 
latory blood pressure monitoring in determinjng dif- 
fering pharmacodynamic effects of antihypertensive 
agents. Akhough trough office blood pressure and 
simple 24-h mean blood pressure measurements were 
unable to distinguish behveen phannacodynamic pro- 
files of the two delivery systems an analysis of the 
hour-by-hour blood pressure profiles provided by am- 
bulatory blood pressure monitoring was. 

5. 

6. 

7. 

Diltiazem remains an effective agent for the treat- 
ment of hypertension. I2 In the Department of Veter- 
ans Affairs Cooperative study,“*‘s which assessed the 
efficacy of six antihypertensive agents in controlling 
high blood pressure in men, diltiazem had the highest 
success and compliance rates after 12 months of fxeat- 
ment. Also, th@ study revealed that higher doses of 
diltiazem (300 to 360 mg) were associated with greater 
blood pressure response rates than an angiotensin 
converting enzyme inhibitor, &adrenergic blocker, or 
diuretic therapy. These doses of diltiazem are higher 
than the recommended once-daily starting dose of 180 
or 240 mg, suggesting that initiation doses of diliiazem, 
should be more readily uptitrated for maximum ef- 
fects in hypertensive patients without underlying 
cardiac disease. O&r studies have found a well- 
tolokated dose-response to 540 mg’920 as well as anti- 
hypertensive efficacy in severe hypertension.” These 
findings of improved blood pressure con1~01 at higher 
doses of dihiazem suggest that a more efficient deliv- 
ery system could provide better blood pressure con- 
trol at identical doses of dihzexn. Furthermore, be- 
cause of Wferences in microbead size, the single 
microbead system provides a maximum per-capsule 
dose of 360 mg, compared with the 300 mg per capsule 
of the dual mkrobead system. 

S. 

9. 

10. 

Il. 

12. 

13. 

14. 

15. 

This study has demonseated a close dependency of 
the hemodynamic effects of diltiazem on its plasma 
concentration. It has also identified pharmac&inetic 
and clinical disparities produced by cliffkent f&mu- 
hions of thii antihypertensivc agent. The diItiazem 
single microbead system appears to enhance bioavail- 

16. 

17. 

ability and efficacy. . 
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October 1, 1999 

Dr. Janet Woodcock, Director 
Center for Dru’g Evaluation and Research 
Food and Drug Administration 
ATM: Document Control Room 
Metro Park North II - Room 150 
7500 Standish Place 
Rockville, MD 20855 

. 
RE: Citizen Petition Ddcket Number 98-O 145 

Dear Dr. Woodcock: 

This letter is being provided in support of the Citizen Petition of A&x 
Pharmaceuticals, Inc. regarding the need for further agency consideration of the 
requirements for controlled-release diltiazem products. 

As one of the original preclinical and clinical investigators on diltiazem back in 
the late 70s and early 80s. it became clear that specific formulations can affect rhe 
delivery of the active molecule differently. We first noted a dose dependency in 
absorption in 1982 prior to rhe development of any of the sustained-release 
dikiazem products. Subsequently, three products were devcioped, all of which . 
utilized a different delivery mechanism. Similarly, and for good reason, ail of 
these products were listed as “Bc” products by the FDA. This differentiation in 
therapeutic response associated with different formulations can have clinical 
impact, as noted in the February, 1994 Board of Pharmacy newsletter from the 
state of South Carolina. In this situation, renal transplant patients thas were 
receiving a sustained-release diltiazem formulation to both prevent renal toxicity 
and raise cyclosporin levels, received a substitute formulation. Following the 
“generic substitution,” four of these patients ended up back in the hospital and had 
to be redtrated. This situation provides a clear example of what can happen when 
one sustained-release diltiazem formulation is substituted for another. 

In reviewing this bioavailability data, 1 would also encourage you to look at the 
number of patients that have their serum levels drop below 40-50 nanograms/ml 
during the 24 hours following dose. When I stipulated 40 nanogram/ml as the 
minimal effective concentration and evaluated bioavailability studies, I found a 
significant difference in the nuqber of patients who were able to stay above that 
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therapeutic level with the different *SC”‘-raced formulations that are currently 
available. In my experience, this therapeutic MEC provides a reasonable rule of 
thumb for patient response. Thus, for a formulation to be considered equivalent, 
it should maintain serum levels in this range over 24 hours as compared to the 
iefcrence standard. 

In summary, in the same manner in which the FDA considers Tiazac and 
Cardiiem-CD to not be therapeutically equivalent, a “one-peak” diltiazem 
formulation should not be considered therapeutically equivalent to a “two-peak” 
formulation. 

Sincerely, e 
I 

. . 

Robert W. Piepho, PhD., FCP 
Dean and Professor 

. 

. - . 


